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METHOD AND APPARATUS AND NETWORK
NODE FOR APPLYING CONDITIONAL CQI
REPORTING

RELATED APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/287,501, filed Nov. 2, 2011,
which is a continuation application of U.S. patent application
Ser. No. 12/337,298, filed Dec. 17, 2008, which claims pri-
ority and benefit from International Application No. PCT/
SE2008/051383, filed Dec. 1, 2008, which claims priority to
U.S. Provisional Application No. 61/016,081, filed Dec. 21,
2007, the entire teachings of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates generally to a method and
arrangement for limiting the CQI reporting in a telecommu-
nication system, and in particular to provide conditional CQI
reporting also in enhanced CELL_FACH state.

BACKGROUND

High Speed Downlink Packet (HSDPA) is a further devel-
opment of WCDMA, enabling considerably higher bit rates
in the downlink. In order for the network to achieve these
improvements, some indication of the present channel quality
has to be provided to the network. On the basis of this infor-
mation, appropriate preparations can be performed at the
network in order to provide for the required data transfer in
the downlink. For this purpose Channel Quality Indicators
(CQIs) are used. The aim of forwarding a CQI from a User
Equipment (UE) to the network is to use the information
obtained from the CQI, and to allow the network to perform
various tasks, such as e.g. channel dependent scheduling, link
adaptation and downlink power allocation, on the basis of the
retrieved information.

In WCDMA the RRC states IDLE, CELL_PCH,
URA_PCH, CELL_FACH and CELL_DCH are used. FIG. 1
is a schematic illustration of a typical scenario for CQI for-
warding involving a UE 100 and a base station 101 which are
involved in an information exchange.

In a first step 1:1 base station 101 transmits reference
signals to UE 100. The reference signals are used by UE 100
to determine the present downlink channel quality. After hav-
ing determined the downlink channel quality on the basis of
the received reference signals, UE 100 sends one or more
CQIs to the base station 101, as indicated with a second step
1:2. The base station 101 uses the content of the CQI reports
for performing tasks, such as e.g. link adaptation, resource
allocation, power control, and scheduling. After an adequate
processing ofthe obtained information at the base station 101,
UE 100 is informed of the result of the performed task, e.g. the
resulting link adaptation, in a next step 1:3, and subsequent to
the respective preparations, downlink transmission is
executed via the allocated resources, as indicated with a final
step 1:4.

In CELL_DCH state downlink data transmissions and
resource allocation are performed via HS-PDSCH and HS-
SCCH channels. In HSDPA, which is a release 5 feature, the
uplink in CELL_DCH state HS-DPCCH is used for carrying
CQI and ACK/NACK to the network.

A reported CQI normally depicts downlink channel quality
corresponding to a certain transport block size when using a
certain modulation and coding that could be received by a UE
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with 10% block error rate. This type of mapping between CQI
and transport block sizes for WCDMA is defined in 3GPP
technical specification 25.214. Thus, a CQI reported from a
UE to the network enables the network to select an appropri-
ate Transport Block (TB) size for upcoming transmissions.
Thanks to the CQIs, the downlink transmission rate therefore
can be optimized and enhanced.

The TBs may range between [1,31], with a resolution of 1
dB, where a TB size that equals 1 is the smallest size anda TB
size that equals 31 is the largest size that can be used for
downlink transmissions. However at present the largest TB
sizeused is 30, while a TB of size 31 may be used in the future.
Mapping of a reported CQI to TB size for different modula-
tion and coding scheme is specified in further detail in the
3GPP standard TS 25.214.

CQI reporting is typically executed in a periodic manner,
which is also referred to as the CQI feedback cycle, where the
reporting can be adjusted by the network through higher layer
signaling. The CQI feedback cycle is expressed in Transmis-
sion Time Intervals (TTIs). At present the possible CQI feed-
back cycle values are 0, 2, 4, 8, 10, 20, 40, 80 and 160 TTIs.
When uplink discontinuous transmission is used it is possible
to temporarily switch off CQI reporting in order to reduce the
uplink interference.

Inrelease 5 the UE receiver performance requirements are
solely based on the baseline classical rake receiver of the UE.
The corresponding performance requirements are commonly
termed and specified as minimum performance requirements
in the 3GPP technical specification TS 25.101.

Also in release 6 and beyond the enhanced UE receiver
performance requirements have been specified. In order to
fulfill these requirements and to pass the corresponding con-
formance tests, the UE will have to implement advanced
receiver features, such as e.g. receiver diversity, a chip level
equalizer and/or a generalized rake (G-rake) receiver. Evi-
dently the goal of the specification of these enhanced require-
ments is to significantly boost the downlink bit rate.

In WCDMA terminology UE receiver performance
requirements for various advanced receivers have, until now,
been specified as enhanced receiver type 1, type 2, type 3 and
type 3i. However, the enhancement receiver performance
specification does not preclude the UE vendors to implement
advance receivers beyond the specified enhanced require-
ments.

As of today a HSDPA capable UE normally reports its
category in terms of e.g. a maximum number of codes, or bits,
in one TTT when this information is forwarded to the network.
However, the UE does not report any of its enhanced receiver
capabilities, such as e.g. the enhanced receiver type. As a
consequence, the network is completely oblivious of the type
of enhanced receiver that is implemented at the UE. In order
to obtain optimum performance it is, however, of paramount
importance that different functions, such as e.g. the scheduler,
at the base station are able to fully make use of the enhanced
UE receiver capabilities. A UE having an advanced receiver
will obtain a better estimation of the downlink Signal-to-
Interference and Noise Ratio (SINR) estimation, compared to
if a baseline rake receiver is used.

The CQI is fundamentally derived from the SINR, which in
turn is estimated on the basis of the Common Pilot Channel
(CPICH). Hence the reported CQI implicitly depicts the
actual receiver performance. This means that a UE equipped
with a more advanced receiver will be able to report relatively
high CQIs, which in turn will allow the network to schedule a
higher data rate to the UE, and, thus, a higher performance
will be obtained from the UE.
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In release 7 a new feature, often referred to as enhanced
CELL_FACH state, have been introduced. This feature
allows mapping of generally low bit rate data, such as e.g.
paging or small packets, in low RRC activity states, such as
e.g. the IDLE mode, CELL._PCH, URA_PCH or CELL_
FACH state, on to a HS-DSCH transport channel. The main
advantage with such a feature is that in any of these low
activity states the paging or data can be swiftly transmitted to
the UE. This is because the scheduling on HS-DSCH is done
at the base station and the HS-DSCH is shared between mul-
tiple UEs on a TTI basis, which typically has a periodicity of
2 ms.

In addition, according to the state of the art technology,
transmission between a UE and the network in enhanced
CELL_FACH state is characterized by the fact that a UE
receives the scheduling information via HS-SCCH, i.e. in a
same manner as in the CELL_DCH state. However, in
enhanced CELL_FACH state there is no HS-DPCCH channel
available for a UE to report a CQI or ACK/NACK, and, thus,
no link adaptation or channel dependent scheduling will be
possible in this state. Furthermore, the network blindly trans-
mits a fixed number of HARQ transmissions, i.e. a first trans-
mission and, whenever necessary, up to a specified number of
retransmissions. HARQ combining is, however, possible at
the UE.

In release 7 and beyond, however, use of the High Speed
Downlink Shared Channel (HS-DSCH) is possible also in any
of'the low activity RRC states, i.e. in idle mode, URA_PCH,
CELL_PCH and CELL_FACH states. This option allows a
mapping of PCH and FACH transport channels to the shared
channel, i.e. the HS-DSCH. However, in order to minimize
the uplink load, a UE that is in any of these states is not
allowed to report any CQIs to the network.

Further improvements have been specified in release 8 in
which CELL_FACH in the uplink has been improved by
enabling E-DCH activation where, for example, the base
station controls resources for common E-DCH and the
required downlink control channels, i.e. Fractional Dedicated
Channel (F-DPCH), E-DCH HARQ Acknowledgement Indi-
cator Channel (E-HICH) and E-DCH Absolute Grant Chan-
nel (E-AGCH). Common E-DCH configurations are broad-
casted on BCCH, which can transmit short packets using
E-DCH. However, unlike in CELL,_DCH, the E-DCH estab-
lishment phase in enhanced CELL_FACH is much shorter,
which results in a faster call setup, a faster packet transmis-
sion and in a reduced overall latency.

As already noted above, CQI reporting is currently not
done in enhanced CELL_FACH state. This means that the
network can neither perform channel dependent scheduling,
nor link adaptation, such as using an adaptive modulation or
coding scheme when it is in this state. Furthermore, downlink
power control on HS-PDSCH, or on any other downlink
physical channel, cannot be accurately executed in this state
due to the lack of CQI reporting.

Another major repercussion from the lack of CQI reporting
in the enhanced CELL_FACH state is that there is no moti-
vation for network operators to specify enhanced receiver
requirements. As a matter of fact, up to date only minimum
performance requirements for enhanced CELL_FACH sce-
nario have been specified.

It is important to note that advanced receiver performance
requirements are specified for each physical channel sepa-
rately. On the one hand, the implementation of an advanced
receiver boosts user throughput, but on the other hand it also
increases cost and UE battery power consumption. Therefore,
advanced receivers will work strictly on those channels for
which performance requirements exist. This means that the
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enhanced receiver requirements for HSDPA in the CELL_
DCH state fail to imply that enhanced receivers are also
implemented for HSDPA reception in the enhanced CELL,_
FACH state.

As indicated above, the main problem with the current
enhanced CELL FACH state feature is that downlink sched-
uling is done without any knowledge of the downlink radio
conditions, due to the lack of CQI reports. This means that
channel dependent scheduling and link adaptation is not pos-
sible, and thus as a result from this deficiency the throughput
performance will be significantly poor. Using a fixed number
of HARQ re-transmissions, e.g. 3 or 4, without taking any
regard to the present radio conditions lead to wastage of radio
resources. In fact the main bottleneck with this approach is
that presently there is no reason or motivation for any UE
vendor to implement an advanced receiver for data reception
in the enhanced CELL_FACH state. Any sort of CQI report-
ing would, however, motivate the implementation of
advanced receivers at the UE.

One obvious and straight forward solution to the deficien-
cies mentioned above is to follow the conventional path by
defining a normal CQI reporting scheme as is presently done
in the CELL_DCH state also for the enhanced CELL_FACH
state. A primary concern with this approach is, however, that
in enhanced CELL,_FACH state, where no UE specific chan-
nel is in operation, the conventional CQI reporting scheme
may lead to unsustainable load on the RACH channel, which
is presently the only uplink transmission mode in enhanced
CELL_FACH state, as specified in release 7. In addition, the
CQI reports are not really needed as frequently in the
enhanced CELL_FACH state as in the CELL,_DCH reception
scenario.

Inthe Swedish patent application 0602299-0 it is proposed
that a CQI threshold, that can be either cell- or UE specific, is
transmitted from the network to a number of UEs, and that
each UE whose CQI is below the CQI threshold needs to
report a new CQI to the network. One deficiency with this
solution is that even for a dynamic forwarding CQI mecha-
nism, the probing and decision making of a forwarding of a
new CQI by the network to a UE will result in a delay.
Secondly if radio conditions change quickly, several UE’s
may rapidly move between good and bad conditions, with the
severe risk that many users will start to report the CQI more
frequently, thereby increasing the uplink load.

It is therefore a desire to enable a regulated CQI reporting
that does not have a negative effect on the uplink load.

SUMMARY

An object of the present invention is to address at least
some of the problems outlined above. More specifically, it is
an object of the present invention to provide a method for, and
a User Equipment and a network node that are adapted to
execute a method for allowing limited CQI reporting between
a User Equipment and a network node also when the User
Equipment is in low transmission and/or low reception activ-
ity mode.

According to one aspect, a method for limiting Channel
Quality Indicator (CQI) reporting from a User Equipment to
a network node, such as e.g. a base station, is provided. The
method is specified such that at least one CQI report may be
transmitted to the network node when it has been determined
that the User Equipment is operating in a low transmission
and/or low reception activity mode. CQI reporting is being
triggered at the User Equipment according to one or more
predefined rules, which to at least some extent depend on CQI
specific information that is provided from the network node.
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The triggering rules that specifies when a CQI report is to
be sent from a User equipment to a network node may be
based on one or more of a plurality of different criteria such as
e.g. a comparison between the transport block size corre-
sponding to an estimated CQI and a transport block size
received by the User Equipment, a comparison between an
estimated CQI and a predefined threshold, a comparison
between an estimated CQI and the number of required re-
transmissions for a transport block received by the User
Equipment, a CQI reporting probability provided to the User
Equipment from said network node, and/or a scaled CQI
feedback cycle at least partly determined by the network
node.

The triggering rules may be based on one single criteria or
a combination of different criteria.

The suggested CQI reporting may be executed via different
means of communication such as e.g. via RACH or E-DCH.
In addition, transmission could be executed via the Radio
Resource Layer or via the Medium Access Layer.

According to another aspect, a User Equipment, adapted to
report CQI reports to a network node, when the User Equip-
ment is in a low transmission and/or low reception activity
mode, in accordance with the rules specified for the User
Equipment and triggering information provided from the net-
work node, is also provided.

In addition, according to yet another aspect, a network
node is provided that is adapted to control the triggering of
CQI reports at User Equipments that are in low transmission
and/or low reception activity mode, by way of forwarding
trigger related information to User Equipments.

The suggested option allows an efficient way of reporting
CQI reports in low activity modes.

In some embodiments, wherein CQI reporting is per-
formed on a common channel, e.g. RACH, the invention has
the additional advantage of minimizing collisions on the
channel used.

By implementing the suggested mechanism channel
dependent scheduling, downlink power control and link
adaptation can be more efficiently performed in low activity
modes.

In addition, the suggested mechanism also provides a moti-
vation to the UE vendors to implement advanced receiver at
the UE, since information obtained via CQIs may assist the
network to improve overall performance in low activity
modes.

According to some embodiments, wherein CQI reporting
is limited in enhanced CELL_FACH state, another conse-
quence from introducing the suggested mechanism is that is
may ensure that HSPDA performance in enhanced CELL_
FACH does not lag behind the corresponding performance in
CELL_DCH, in which advanced receivers are already used in
the UE.

Other objects, advantages and novel features of the inven-
tion will become apparent from the following detailed
description of the invention when considered in conjunction
with the accompanying drawings. These objects and others
can be achieved primarily by a solution according to the
appended independent claims.

Further features and benefits of the present invention will
become apparent from the detailed description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail
by means of exemplary embodiments and with reference to
the accompanying drawings, in which:
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FIG. 1 is a basic overview of a conventional scheduling
concept, according to the prior art.

FIG. 2 is a flow chart, illustrating a method of a User
Equipment for enabling limited CQI reporting to a network
node from the User Equipment when in a low activity mode,
according to one embodiment.

FIG. 3 is a flow chart, illustrating a method of a network
node for enabling limited CQI reporting from a User Equip-
ment to the network node, according to one embodiment.

FIG. 4 is another flow chart, illustrating a method of a User
Equipment for enabling limited CQI reporting to a network
node from the User Equipment when in a low activity mode,
according to another alternative embodiment.

FIG. 5 is yet another flow chart, illustrating a method for
enabling limited CQI reporting from a User Equipment to a
network node, according to yet another embodiment.

FIG. 6 is a block diagram of a User Equipment and a
network node, according to one exemplary embodiment,
which are adapted to execute a method according to any ofthe
embodiments described with reference to any of FIG. 2, 4 or
5 and 3, respectively.

DETAILED DESCRIPTION

In order to ensure that a particular advanced receiver is
implemented to UEs, the corresponding enhanced receiver
performance requirements should be further specified. Such a
step can, however, only be motivated if the UE is capable of
reporting CQIs also in the enhanced CELL,_FACH state. In
order to obtain that added cost and increase in UE power
consumption will most likely have to be traded with enhanced
end user performance i.e. with a higher user throughput.

In Enhanced CELL_FACH state, CQI reporting between a
UE and the network will typically involve RACH transmis-
sions. High uplink transmission load due to frequent CQI
transmission may however lead to collisions on the RACH.
The network may also have limited resources available for
HSDPA transmissions and for processing received CQls
when in enhanced CELL_FACH state. As a consequence, a
high frequency of CQI reports may not result in any system
benefit and, thus, a mechanism adapted to limit the transmis-
sions of CQI reports from UEs to the network in the enhanced
CELL-FACH state whenever deemed necessary is therefore
required.

It should be noted that, although the problems mentioned
above are more significant in the CELL,_FACH state, reduc-
ing the uplink transmission load is beneficial regardless of the
state the UE is in. The invention could especially be used in
any other state or operation mode where it is important to
reduce uplink transmission overhead. This is particularly
needed when there is low UE transmission and/or reception
activity. Some examples are when the UE operates in discon-
tinuous reception (DRX) and/or in discontinuous transmis-
sion (DTX) modes regardless of the RRC states. In these
modes of operation either the UE has less opportunity for
measuring CQI or reporting CQI or for both measuring and
reporting. In WCDMA DRX/DTX isused in CELL FACH as
well as in CELL DCH states. This means the invention is
equally applicable in CELL DCH state in WCDMA espe-
cially in DRX/DTX modes. Similarly in E-UTRAN DRX/
DTX is used in RRC connected state, where the invention is
applicable to achieve CQI overhead reduction.

It is therefore an objective to provide a CQI delivery
mechanism that is based on rules for governing CQI reporting
in low activity mode that allows the uplink transmission load
to remain within reasonable limits, while in the same time
ensuring an optimum usage of the available radio resources. A
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UE may be configured to report a CQI both when transiting
between different RRC states, as well as during the same RRC
state, according to one or more of a number of different
principles which will be described in more detail below.
These principles will be based on one or more predefined
rules, each of which may be applied alone or in a combina-
tion. The general principle of such a mechanism will now be
described in accordance with the flow chart of FIG. 2, which
is an illustration of a CQI reporting method, to be executed in
a UE, and the flow chart of FIG. 3, which is an illustration of
corresponding method steps to be executed by a node of the
network side, typically a base station, that is connected to the
UE.

According to FIG. 2, a UE is configured in a first step 200.
In a typical scenario, CQI reporting will be managed accord-
ing to a set of pre-configured CQI triggering rules. Alterna-
tively, the UE is provided with a standard set of rules from the
network upon UE activation, or at the start of a call set-up.

In a next step 201 it is determined whether any of the CQI
triggering rules or conditions is to be updated, i.e. if any CQI
triggering rule specific information has been received from
the network. If this is the case, the relevant rule is updated, as
indicated with another step 202. In another step 203 it is
determined whether the UE is operating in a low activity
mode, i.e. a low transmission and/or low reception activity
mode or not. As mentioned above, this is the case for instance
if the UE is in DRX/DTX mode, or if it is in the enhanced
CELL_FACH state. If in a low activity mode, the initiated
procedure is continued in another step 204 by determining
whether a CQI trigger has been activated on the basis of the
present rules. If more that one CQI trigger is required for
initiating the transmission of a CQI to the network node, step
204 may be repeated by an additional step, wherein also this
condition is tested. If it is determined that one or more speci-
fied CQI trigger conditions are fulfilled, a CQI report will be
generated, as indicated with a next step 205. The CQI report
is then sent to the network using a specified transmission
mechanism, as indicated with a subsequent step 206. The
described updating and CQI triggering procedure is then con-
tinuously repeated, as indicated in the flow chart, as long as
the UE remains activated or during the present call, all depen-
dent on the present configuration.

The corresponding procedure for maintaining the rules of
each activated UE updated on a node on the network side will
now be schematically described with reference to the flow
chart of FIG. 3. The described method is typically run on a
base station in association with executing a suitable schedul-
ing algorithm and link adaptation, or any other type of algo-
rithm, such as e.g. power control, which may require CQI
information.

In a first step 300 of FIG. 3, a procedure for keeping the
conditions for CQI triggering at activated UEs updated is
started. In anext step 301 it is determined if an updating of any
rule associated with the CQI triggering of a specific UE is
required. Ifit is determined that such an updating procedure is
required, relevant information is generated or computed, all
according to predefined CQI triggering rules, as indicated
with a step 302, and in a subsequent step 303, the information
is transmitted to the relevant one or more UEs. In a next step
304 it is determined whether a CQI is received, and if so the
content of the CQI is retrieved and processed in a step 305,
before the described procedure is repeated.

The CQI triggering rules for a UE may be based on a
number of different criteria, such as e.g. a comparison rule.

According to one aspect, the transport block size presently
received by a UE may be compared to a transport block size
corresponding to an estimated CQI.

20

40

45

50

55

8

According to another aspect, an estimated CQI may instead
be compared to a predefined threshold, while according to a
third aspect an estimated CQI may instead be compared to the
number of required re-transmissions for a received transport
block.

According to yet another aspect, the CQI triggering may
instead rely on a probability based rule, where a CQI is to be
reported from a UE according to probability measures that
has previously been signaled to the UE from the network.
Alternatively, a dynamically scaled CQI feedback cycle may
be used for determining when to send a CQI from the UE.

Alternatively, a transmission of a CQI from a UE may be
triggered by a rule which is based on a combination of two
different principles, such as e.g. a combination of a probabil-
ity based rule and a comparison based rule, which takes the
transport block size into consideration, or as an alternative
from two or more different principles.

A number of different CQI triggering rules that are based
on the principles mentioned above will now be described in
more detail.

According to yet another of the alternative embodiments
suggested above, CQI reporting may instead be based on a
comparison rule where a measured or predefined value, such
as e.g. a CQI value, corresponding to a determined transport
block size, or a predefined threshold, is compared to an esti-
mated CQIL. When applying a comparison rule a CQI may be
measured by a UE over a transmission time interval (TT1), as
done in CELL_DCH.

Alternatively, the CQI triggering rule may instead be based
on an average value whose estimation is based on the number
of re-transmitted transport blocks that has been identified by
the network node, e.g. the base station. In this scenario the
base station identifies the number of required re-transmis-
sions and estimates a CQI threshold based e.g. on the average
transport block size of the retransmitted blocks and signals
the threshold to the UE. Such a rule will typically be appli-
cable for situations when the respective UE is receiving data.
Another possibility is to instead base the triggering rule on
simple time averaging, where an average time is sent from the
network node to the UE, and where the UE is measuring a
CQI over the given average time.

According to yet another alternative embodiment, another
rule may specify that a CQI is to be reported from the UE
provided that a transport block has been incorrectly decoded
at the UE after a specified number of re-transmissions have
occurred. This is typically aresult ofthe fact that a transmitted
transport block size is much larger than what the UE can
actually handle, due to that the presently estimated CQI cor-
responds to a transport block size that is smaller than
required. As a result, the network node will be able to adjust
the transport block size accordingly, on the basis of'a reported
CQL

Accordingly, the CQI triggering rules may specify that a
CQI is to be reported, provided that the transport block size
corresponding to an estimated CQI is significantly larger than
the received transport block size. A threshold in terms of a
difference between an estimated transport block size and a
received transport block size can be used to minimize the
uplink overheads and to improve the downlink resource uti-
lization and handling of downlink resource allocations at the
network.

Yet another possibility of executing a comparison based
CQI triggering rule at the UE may be achieved by specifying
that the UE is reporting a CQI if' it is found in step 204 of F1G.
2 that a received transport block has been decoded within J-K
(K<J) transmission attempts, where J is the maximum num-
ber of re-transmissions and K is a predefined value. Thus, ifa
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received block is decoded in a first or very few transmissions,
this will be an indication that the transport block size should
be changed, and the UE will be triggered to report a new CQI
to the network node, in order to provide input data for such a
change. Hence, the rules described in this embodiment cor-
respond to the situation where a UE may be able to handle
much larger transmitted blocks than the transport block size
that is currently being transmitted. Such an alternative CQI
triggering configuration is illustrated with FIG. 4, where step
204 of FIG. 2 comprises steps 400-402 and c. In step 400 it is
determined whether data is being transmitted between the UE
and the network or not. If this is the case, a first QCI trigger
condition is evaluated in a subsequent step 401, while another
CQI trigger condition is instead evaluated, as indicated with
subsequent step 402, in case it is determined that no data is
presently transmitted. If the evaluated CQI trigger condition
is fulfilled, the procedure of FIG. 2 is continued by generating
a CQJ, as indicated in step 205.

According to yet another embodiment, the CQI reporting
mode may be based on different rules, depending on whether
the UE is engaged in data transmission or not. If data is
transmitted in enhanced CELL_FACH, the CQI reporting
may be based on a comparison between a transport block size
that corresponds to an estimated CQI and a transmitted trans-
port block size, as suggested above. If, however, there is no
data sent in enhanced CELL_FACH, the CQI reporting may
instead be based on a comparison between the transport block
size corresponding to the estimated CQI and a predefined
threshold. From the network perspective, such a dynamic
CQI triggering mechanism, will provide information about
how many UEs that are presently in bad coverage. A CQI
threshold may be broadcasted to a plurality of UEs, or sent
directly to a dedicated UE.

According to another embodiment, a probability based
CQI reporting rule may be applied for a UE in a low activity
mode, wherein in step 204 of FIG. 2 a CQI report is triggered
according to a probability that has been determined at a net-
work node, and forwarded to the UE, typically by way of
broadcasting. In response to receiving updated probability
information, the respective rules are updated in step 202,
accordingly.

In some embodiments, the probability based CQI reporting
rule is applied when the User Equipment is in CELL._FACH
state. The CQI reporting probability may be defined as a
single parameter per cell, i.e. as a parameter which is avail-
able for all enhanced CELL._FACH states. Another possibil-
ity is to instead specify a separate CQI reporting probability
value for each enhanced CELL_FACH state in the form of a
probability vector. Since paging of transmission generally
occurs less frequently than data transmission on CELL_
FACH, a higher probability may be specified in CELL_
FACH thanin CELL_PCH. A typical CQI reporting probabil-
ity vector may comprise M probabilities, corresponding to M
available activity states, where P, is the probability for state i,
while satisfying the following condition:

M

M=
o]
It

Alternatively, a CQI reporting probability provided to aUE
could be limited only to one state in which a possibility for
CQI reporting is desired. In such a case only a single value,
rather than a vector, is transmitted from the network to the
UE.
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According to yet another alternative rule, the CQI report-
ing probability is instead configured to be UE specific for a
particular cell, i.e. p, is applicable only for user i while ful-
filling the following constraints for N enhanced CELL_
FACH users per cell:

N 2)

According to yet another embodiment, the CQI reporting
probability is instead both UE and state specific.

Once a CQI reporting probability has been transmitted by
the network and received by a UE, the UE adapted to operate
according to this probability will typically do one or more
random trails before the CQI report is generated and trans-
mitted to the network node. If, for instance, this parameter is
0.5 the UE will statistically send a CQI, on a suitable channel,
on every second possible transmission occasion. The CQI
may e.g. be transmitted via E-DCH if the UE is transmitting
data, and, thus, the E-DCH is already used.

Alternatively the CQI may be transmitted via the High
Speed Dedicated Physical Control Channel (HS-DPCCH),
which is usually used for CQI transmission, in association
with HSDPA. If transmitted via HS-DPCCH, the CQI can
only be transmitted when there is uplink transmission on
E-DCH. Hence, another option is to transmit the CQI via
RACH, which can be used regardless of whether E-DCH or
HSDPA is transmitted or not. Thus if CQI is transmitted via
RACH for CQI transmission, the CQI transmission time reso-
Iution, specifying the transmission instance, will be at least
equivalent to a RACH transmission time slot. In a typical
scenario this transmission frequency will be higher than nec-
essary, and, thus, the transmission instance for CQI transmis-
sions could be chosen to be much longer without being penal-
ized with any capacity loss.

One possible way of limiting the transmission frequency is
to signal a periodic time interval, together with the probabil-
ity, from the network. In such a case, the transmission of a
CQl, specified according to the given probability, will be
delayed the specified time interval.

Another alternative solution is to link the periodic time
interval with the DRX cycle used by the UE in any of the
CELL_PCH, URA_PCH or CELL_FACH states.

The CQI reporting probability should achieve at least the
objectives of minimizing the amount of uplink collisions on
RACH by way of limiting the uplink load and of ensuring that
an adequate amount of CQI reports are regularly delivered
from the UE to the network.

When generating CQI reporting probability at the network,
as indicated in step 302 of FIG. 3, one or more factors may be
considered in order to strive towards fulfilling the objectives
mentioned above. These factors may include e.g. the current
load on RACH, the number of users in a cell on a particular
state belonging to enhanced CELL_FACH, or on all states
belonging to enhanced CELL_FACH, the amount of data
buffered for users in CELL,_FACH state, and/or the present
user’s service type.

In a situation where the current load on RACH is consid-
ered together with the number of active enhanced CELL,_
FACH users when deriving a CQI reporting probability at the
network node, a low uplink RACH load and few active users
may typically result in a high probability, and vice versa.
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Since the CQI reporting probability is dependent on the
network load, which typically varies over time, it needs to be
updated as the load changes. In addition, some margin could
typically be added to the CQI reporting probability so that it
does not have to be updated in case of small variations in the
load.

According to another alternative aspect, the CQI reporting
probability is instead signaled from the network to the UE on
a BCH channel using only one system information element
per cell. In such a scenario a UE will initially acquire prob-
ability information when it first reads the received system
information, i.e. step 202 is executed when system informa-
tion is received from the network. In existing network sys-
tems the UE reads the BCH channel also when system infor-
mation has been changed, and the change is indicated to the
UE via the paging channel. Thus, whenever a CQI reporting
probability changes, the UE will easily be able to acquire the
latest value to be used for subsequent CQI transmissions from
the BCH channel.

According to yet another alternative aspect the CQI report-
ing probability could also be sent to the UE on the user
specific channel e.g. on the dedicated control channel, which
is mapped on HS-DSCH channel, whenever possible, under
the present circumstances. For instance, in CELL._FACH
state the CQI reporting probability may be sent over the
control signaling, which is multiplexed with the transmitted
data, since the control signaling, e.g. the RRC signaling, is
already multiplexed with data on HS-DSCH. This type of
signaling mechanism may be especially useful if a user spe-
cific CQI reporting probability mechanism is employed,
since it reduces signaling overheads. This is due to the fact
that since transmitting a user specific parameter, i.e. a user
specific CQI reporting probability, using any other transmis-
sion means, such as e.g. BCH, would lead to a lot of load on
BCH. BCH should contain information, which is required by
all or a large number of UEs.

RACH is basically used to access resources for call set-up,
or for providing transmissions of short packets. When a col-
lision has occurred at a UE the UE is allowed to try to re-
transmit on the RACH after a random time, determined by a
back oft algorithm used by the UE, has elapsed. During such
aback offtime the UE should also not transmit any CQI on the
RACH. However, CQI reporting on E-DCH in enhanced
CELL_FACH can still take place, provided that the corre-
sponding resources for E-DCH have already been assigned to
the UE.

According to another embodiment, the CQI reporting is
instead based on a scaled CQI feedback cycle. If a scaled CQI
feedback cycle is applied as a CQI transmission rule, the UE
is instead configured to derive a dynamic CQI feedback cycle
from a basic CQI feedback cycle (T) and a scaling factor (),
which may be referred to as a dynamically scaled CQI feed-
back cycle. In this context the purpose of the scaling factor is
to scale up, or scale down, the basic CQI feedback cycle
depending upon one or more factors, such as e.g. the uplink
load on the RACH and/or the number of users that are pres-
ently in enhanced CELIL_FACH state.

The basic CQI feedback cycle (T) is a parameter which is
similar to the one signaled from the network to the UE in any
state of the art system in CELL_DCH. When used in the
enhanced CELL_FACH state, however, the basic CQI feed-
back cycle may also be dynamically scaled, e.g. according to
the load. Secondly, as will be further explained below, a
derived dynamically scaled CQI feedback cycle may be ran-
domly distributed in order to minimize the risk of collisions,
due to multiple users sending CQIls simultaneously.
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Both the basic CQI feedback cycle and the scaling factor
can be arespective single value which is common for all states
that are related to enhanced CELL_FACH in a cell, or they
can be state specific values. A dynamically scaled CQI feed-
back cycle (W) that is applicable for enhanced CELL._FACH
state can be mathematically expressed as:

P=AT W) 3

More specifically the dynamically scaled CQI feedback
cycle may be obtained at the UE by performing a suitable
mathematical operation over the basic CQI feedback cycle,
e.g. by multiplying it by the scaling factor as expressed in:

W=Txu @

In such a case step 302 of FIG. 3 may have been configured
such that both the basic CQI feedback cycle, as well as the
scaling factor, is updated, before this updated information is
broadcasted to the UE, together with the other system infor-
mation, as indicated in step 303.

Alternatively, the basic CQI feedback cycle could be linked
to the already used DRX cycles. In that case only the scaling
factor is to be updated and signaled from the network node to
the UE. Thus, due to the variation in the load on the RACH it
might be sufficient to only adjust the scaling factor on the
network side.

In a typical scenario, the basic CQI feedback cycle may be
defined as 2% and the scaling factors may be expressed as 2°;
where P is an integer value, which may range e.g. between -4
and 4. According to this example, the network will be broad-
casting [L and P to the UE. Supposing that the basic CQI
period is 32 ms, i.e. L=-5, and assuming the multiplication
rule according to (4), we obtain the following. For P=2 the
derived CQI feedback cycle will be 128 ms, which is a scaling
down of the basic CQI reporting period, while if instead
P=-1, the derived CQI period will be equal to 16 ms, which is
a scaling up of'the CQI feedback cycle, or an extension of the
CQI feedback cycle.

As stated above, all users, as well as all states, in a cell may
use the same CQI feedback cycle while the periodicity is
scaled. Such a limited reporting of feedback information from
the network to the UE advantageously will be minimizing the
signaling in the downlink. However, it must also be taken into
account that many users may attempt to report a CQI at the
same time, which may cause collisions onthe RACH. In order
to ensure that two or more UEs do not transmit a CQI at the
same time the rules governing the transmission instances may
be defined to also take these aspects into consideration. One
possibility is to have a rule that is specified such that the UE
starts the first CQI transmission at a randomly determined
time instance. This random parameter can be signaled to the
UE from the network, together with the other rule specific
information, or can be a standardized value that has been
pre-configured for the UE.

According to another solution the random parameter could
to some degree dependent on the CQI reporting period (W). If,
for instance, the CQI feedback cycle is set to 64 ms then the
CQI trigger may have been specified such that each UE ran-
domly chooses it’s starting time of the CQI feedback cycle to
a value between 0 and 64 ms. Since the CQI reporting is
periodic, using such a mechanism would mean that also in
subsequent transmissions, the overlapping between CQI
reports originating from different UEs would be diminished.
This in turn would minimize the risk of uplink collisions on
RACH.

According to another alternative embodiment, the UE may
instead have been configured to consider two subsequent
triggers, i.e. a CQI is only transmitted by the UE if it has been



US 9,338,676 B2

13

considered that both a first CQI trigger condition and a second
CQI trigger condition have been fulfilled. If such an embodi-
ment is applied, step 204 of FIG. 2 may comprise steps 500
and 501 illustrated in FIG. 5.

According to FIG. 5, the UE first determines whether a first
CQI trigger condition e.g. a transport block size comparison
rule, has been fulfilled or not. This is indicated with a step
500. Even if the first comparison is fulfilled, a CQI will
however only be generated and transmitted if it is determined
in another step 501, that another rule, such as e.g. one of the
probability rules defined above, also has been fulfilled.

By implementing a CQI triggering rule that is combined
with a probability based rule, the overall signaling overhead
will be limited, due to the limitation of the CQI reporting in a
cell. If it is found that both conditions are fulfilled, the pro-
cedure of FIG. 2 is continued by generating a CQI, as indi-
cated with step 205.

Alternatively, the UE may first apply a probability rule, and
then use a transport block size comparison rule before a CQI
is generated and transmitted to the network node.

Also this combined rule reduces the signaling overhead. In
addition, the latter combination rule may also result in a
reduced UE processing, since with the CQI reporting prob-
ability set to a low value by the network, the transport block
size comparison rule will not have to be applied so frequently.

According to yet another embodiment, the UE initially
checks whether CQI reporting is needed or not according to
any of the described comparative methods, while a final deci-
sion is based on any of the scaled CQI rules defined above. A
main advantage of using such a combined triggering rule is
that the signaling overhead may be reduced even further,
while the reported CQI would still be adequate to perform
appropriate scheduling.

FIG. 6 is a schematic illustration ofa UE 600 that is adapted
to execute a conditional CQI transmission, for instance when
in enhanced CELL_FACH state, and a network node 610 that
is adapted to assist in such a conditional CQI transmission
procedure.

It is to be understood that both the UE 600 and the network
node 610 presented in FIG. 6 only give a general, simplified
picture of the two exemplary interacting entities, where the
two entities comprise a number of generic units, while other
units that may normally be necessary for obtaining a conven-
tional communication between a UE and a network node that
are not necessary for the understanding of the suggested CQI
mechanism have been omitted for simplicity reasons.

UE 600 comprises a rule updating unit 601 which is
adapted to update one or more relevant CQI triggering rules
602 that are stored in the UE 600, in response to having
received relevant rule specific information from a network
node 610 via a communication unit 603. UE 600 also com-
prises a CQI triggering unit 604, which is adapted to trigger a
processing unit 605 to generate a CQI in response to two or
more relevant triggering conditions being fulfilled, wherein
the triggering conditions may include the fact that the UE is in
enhanced CELL_FACH mode, and to transmit the generated
CQI to the network node 610 via the communication unit 603.

The network node 610 is adapted to configure the rules for
CQI transmissions of the UEs when required, and therefore it
comprises an updating unit 611, which is adapted to update
rule specific information on the basis of the relevant CQI
triggering rules and conditions 612 stored at the network node
610. Upon having derived some rule specific information that
needs to be updated, the updating unit 611 is adapted to
update the relevant rules and conditions 612, as well as to
transmit the updated information to the UE 600 via a com-
munication unit 613. The network node 610 also comprises a
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processing unit 614 for processing a CQI that has been
received from the UE 400 in a conventional manner.

As to the CQI reporting mechanism that is used in step 205
of FIG. 2, it is normally not desirable to have a separate
channel to carry the CQI in the uplink. Therefore one possible
option for the UE reporting a CQI is to use either the RACH
or the E-DCH channel for this purpose. Alternatively, a pig-
gybacked CQI may be used when executing the CQI report-
ing from the UE to the network node.

It is commonly known that networks of today do not allow
CQIl reporting over RACH. RACH may, however, be adapted
for CQI reporting if the RACH format is slightly modified
According to one embodiment, a new field may therefore be
added in the state of the RACH channel to allow the possibil-
ity of reporting CQI via RACH. Such a modified version may
then represent a new RACH format, which could be used by
the UE for transmitting CQI’s via RACH.

In addition, by limiting the number of bits used by RACH,
the CQI reporting range may be reduced. Another possibility
could be to send CQIs using the Radio Resource (RRC) layer,
which terminates in the RNC on the network side, wherein the
RNC will be sending the CQI back to the base station over the
Iub interface. Alternatively, the CQI may be sent in the
Medium Access Control (MAC) layer e.g. in the MAC
header.

E-DCH transmission may be used for the discussed pur-
pose as a combination of using the E-DCH Physical Control
Channel (E-DPCCH) for carrying physical layer control
information, such as e.g. resource allocation information, and
of'using the E-DCH Physical Data Channel (E-DPDCH) for
carrying data in the uplink. According to this alternative
option the UE may send CQIs using either the E-DPCCH, or
the E-DPDCH. In the former case a new E-DPCCH format,
accommodating bits for CQI reports, may be defined.

In case of CQI transmissions via E-DPDCH, the CQI may
instead be transmitted using RRC signaling, which will end
up in the RNC on the network side, wherein the RNC is
adapted to send the CQI back to the base station over the Tub
interface. Another alternative way of sending CQIs to the
network is to use the MAC layer of the E-DPDCH, wherein
the CQI may be sent either in the MAC header or in the form
of'a separate MAC PDU. One advantage with this alternative
is that MAC terminates in the base station, where scheduling,
which requires CQI content, is performed. If CQI reception
and scheduling are executed in the same node the CQI can be
readily provided to the scheduler, which will be able to use the
CQI content for channel dependent scheduling, thereby
reducing the delay between when the CQI is received and the
content of the CQI is used by the scheduler. Secondly, the
overhead, complexity, and signaling resulting from using the
MAC layer are minimized compared to other options.

According to yet another alternative embodiment, piggy-
backed CQI transmissions may be used, wherein such a trans-
mission mode is used only in situations where there is an
uplink data transmission in progress. In present enhanced
CELL_FACH the uplink data transmission takes place over
E-DCH. Thus, CQIs may be carried over E-DCH, or more
specifically, over E-DPDCH, in case the UE is sending data in
the uplink. Furthermore, the CQI can be sent in the MAC of
E-DCH, typically in the MAC header or the MAC PDU. If
there is padding in the MAC PDU, the CQI could also, as
another option, be included in the padding, without requiring
any additional transmission costs. A special value of the L.
field of the MAC-i/is header may then be used to point out that
a CQI report is included in the padding.

The difference of the latter alternative transmission method
compared to the earlier embodiments is that instead of having
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the CQI transmissions triggering an E-DCH transmission, it
is the data transmissions that trigger the CQI reporting. The
piggybacked method may be used in combination with any of
the CQI reporting rules described above. This means that a
CQI can at most be reported when there is an ongoing uplink
data transmission, and one or more of the CQI triggering
conditions or rules are fulfilled. For instance, the UE may be
adapted to report a CQI to the network according to the
broadcasted probability suggested above, when data is trans-
mitted in the uplink.

Another way of combining piggybacking with a CQI trig-
ger is to always transmit the CQI on occasions when it can be
transmitted as part of the padding for no additional cost. The
triggers are then set to activate a transmission of additional
CQI reports also when there is no data to transmit in the
uplink.

It is to be understood that although this document is focus-
ing on exemplifying different HSDPA reception scenarios,
the described enhanced performance requirements are not
only confined to HSDPA. In fact the suggested enhanced
requirements are prevalent also for a number of other recep-
tion scenarios, such as e.g. DCH, MBMS and E-DCH down-
link channels.

It is also to be understood that the present embodiments are
to be considered in all respects as illustrative and not restric-
tive, and all changes coming within the meaning and equiva-
lency range are intended to be embraced therein.

In addition, while the generic functions described in this
document have been associated with units referred e.g. as a
“CQI triggering unit” and a “Rule updating unit”, these units,
as well the remaining text of the description is generally only
intended to illustrate the inventive concept and should not be
taken as limiting the scope of the described concept, which is
defined by the appended claims.

ABBREVIATIONS LIST

BCH Broadcast Channel

BCCH Broadcast Control Channel

CELL_DCH state Cell Dedicated Channel state

CELL_FACH state Cell Forward Access Channel state

CELL_PCH state Cell Paging Channel state

CPICH Common Pilot Channel

CQI Channel Quality Indicator

E-DCH Enhanced Dedicated Channel

E-HICH E-DCH HARQ Acknowledgement Indicator
Channel

E-AGCH E-DCH Absolute Grant Channel

E-DPCCH E-DCH Physical Control Channel

E-DPDCH E-DCH Physical Data Channel

F-DPCH Fractional Dedicated Channel

HSDPA High Speed Downlink Packet

HS-DPCCH High Speed Dedicated Physical Control
Channel

HS-PDSCH High Speed Physical Downlink Shared Chan-
nel

HS-DSCH High Speed Downlink Shared Channel

MAC Medium Access Control

RRC Radio Resource Control

SINR Signal-to-Interference and Noise Ratio

TB Transport Block

TTI Transmission Time Interval

The invention claimed is:

1. A method for limiting Channel Quality Indicator (CQI)
reporting from a User Equipment to a network node, com-
prising:
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transmitting at least one CQI report to said network node
by said User Equipment,

wherein said CQI transmission is triggered according to
one or more CQI reporting trigger rules,

wherein at least one of said CQI reporting trigger rules is
based on a scaled CQI feedback cycle,

wherein said scaled CQI feedback cycle W is defined as:

W=Txu

where T is a basic CQI feedback cycle and p is a scaling
factor, enabling dynamic scaling of said CQI feedback
cycle.

2. A method according to claim 1, wherein at least one of
said CQI reporting trigger rules is based on a comparison
between the transport block size corresponding to an esti-
mated CQI and a transport block size received by said User
Equipment.

3. A method according to claim 2, wherein a comparison
rule triggers a transmission of a CQI report from said UE if it
is determined that the difference between a transport block
size corresponding to an estimated CQI and a received trans-
port block size exceeds a predefined threshold.

4. A method according to claim 3, wherein said threshold is
broadcasted from said network node to said User Equipment.

5. A method according to claim 3, wherein said threshold is
transmitted from said network node directly to said User
Equipment.

6. A method according to claim 2, wherein a comparison
rule is based on a switching between diftferent CQI reporting
modes, such that a transmission of a CQI report is triggered
on the basis of a comparison between an estimated CQl and a
predefined CQI threshold, in case no data is sent between the
User Equipment and the network node, or on the basis of a
comparison between the transport block size corresponding
to an estimated CQI and a received transport block size, in
case datais sent between the User Equipment and the network
node.

7. A method according to claim 1, wherein at least one of
said triggering rules is based on a comparison between an
estimated CQI and a predefined threshold.

8. A method according to claim 1, wherein at least one of
said triggering rules is based on a comparison between an
estimated CQI and the number of re-transmissions required
for a delivery of a transport block received by said User
Equipment.

9. A method according to claim 1, wherein at least one of
said CQI reporting trigger rules is based on a CQI reporting
probability provided to said User Equipment from said net-
work node.

10. A method according to claim 9, wherein said CQI
reporting probability is provided to said UE from said net-
work node in any of the following forms:

as one or more cell specific values, each of which is valid

for all low activity states, e.g. all enhanced CELL_
FACH states, in a respective cell,

as one or more state specific values, each of which is valid

for a specific state, or

as one or more User Equipment specific values, each of

which is valid for a specific User Equipment in a specific
cell.

11. A method according to claim 9, wherein said CQI
reporting probability is broadcasted from said network node
to said User Equipment.

12. A method according to claim 11, wherein said CQI
reporting probability is transmitted from said network node to
said User Equipment on a dedicated control channel.
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13. A method according to claim 12, wherein said CQI
reporting probability is transmitted from said network node to
said User Equipment also on a broadcast channel.

14. A method according to claim 1, wherein said scaling
factor is provided to said User Equipment in any of the fol-
lowing forms:

as a cell specific value that is valid for all low activity states,

e.g. all enhanced CELL_FACH states, in a respective
cell, or

as at least one state specific value, each of which is valid for

a specific state.

15. A method according to claim 1, wherein in addition to
said feedback cycle, said CQI reporting trigger is based on a
random transmission value to be used by said User Equip-
ment for randomly transmitting a first CQI report.

16. A method according to claim 15, wherein said random
transmission value is a value between 0 and W.

17. A method at a network node for limiting Channel
Quality Indicator (CQI) reporting from a User Equipment to
the network node, comprising:

transmitting CQI specific information to said User Equip-

ment, wherein the CQI specific information includes
rules for triggering reporting of CQIs specified for the
User Equipment,

wherein at least one of said CQI reporting trigger rules is

based on a scaled CQI feedback cycle,

wherein said scaled CQI feedback cycle W is defined as:

W=Txu

where T is a basic CQI feedback cycle and p is a scaling
factor, enabling dynamic scaling of said CQI feedback
cycle.
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18. A User Equipment for limiting Channel Quality Indi-
cator (CQI) reporting from a User Equipment to a network
node, said User Equipment comprising:

a transmitter configured to transmit a CQI report to the
network node in response to receipt of a CQI reporting
trigger, said CQI reporting trigger being defined by CQI
reporting trigger rules,

wherein at least one of said CQI reporting trigger rules is
based on a scaled CQI feedback cycle,

wherein said scaled CQI feedback cycle W is defined as:

W=Txu

where T is a basic CQI feedback cycle and p is a scaling
factor, enabling dynamic scaling of said CQI feedback
cycle.

19. A network node for limiting Channel Quality Indicator
(CQI) reporting from a User Equipment to the network node,
comprising:

atransmitter configured to transmit calculated CQI specific

information to said User Equipment via a transmitting
unit, thereby enabling said network node to configure
CQI reporting trigger rules for triggering reporting of
CQIs from said User Equipment,

wherein at least one of said CQI reporting trigger rules is

based on a scaled CQI feedback cycle,

wherein said scaled CQI feedback cycle W is defined as:

W=Txu

where T is a basic CQI feedback cycle and p is a scaling
factor, enabling dynamic scaling of said CQI feedback
cycle.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,338,676 B2 Page 1of1
APPLICATION NO. : 14/065740

DATED - May 10, 2016

INVENTOR(S) : Kazmi et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On Title Page 2, item (56), under “OTHER PUBLICATIONS”, in Column 2, Line 11, delete “3DPP”
and insert -- 3GPP --, therefor.

In the specification,

In Column 1, Line &, delete “2011,” and insert -- 2011, now Pat. No. 8,599,816, --, therefor.
In Column 1, Line 10, delete “2008,” and insert -- 2008, now Pat. No. 8,149,809, --, therefor.
In Column 1, Line 26, delete “Packet” and insert -- Packet Access --, therefor.

In Column 4, Line 6, delete “CELL FACH” and insert -- CELL._FACH --, therefor.

In Column 5, Line 49, delete “is that is” and insert -- is that it --, therefor.

In Column 5, Line 50, delete “HSPDA” and insert -- HSDPA --, therefor.

In Column 6, Line 20, delete “FIG. 2, 4” and insert -- FIGS. 2, 4 --, therefor.

In Column 6, Line 43, delete “CELL-FACH” and insert -- CELL_FACH --, therefor.

In Column 6, Line 57, delete “CELL FACH” and insert -- CELL_FACH --, therefor.

In Column 6, Line 58, delete “CELL DCH” and insert -- CELL_DCH --, therefor.

In Column 6, Line 59, delete “CELL DCH” and insert -- CELL_DCH --, therefor.

In Column 7, Line 31, delete “that” and insert -- than --, therefor.

In Column 15, Line 52, delete “Packet” and insert -- Packet Access --, therefor.

Signed and Sealed this
Twenty-fifth Day of October, 2016

Decbatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office



